We report the results of the submillimeter observations with the ASTE 10 m telescope toward the giant molecular clouds (GMCs) in the Magellanic Clouds to reveal the physical properties of dense molecular gas, the principle sites of star and cluster formation. Six GMCs in the Large Magellanic Cloud have been mapped in the 12 CO(J = 3 − 2) transition and 32 clumps are identified in these GMCs at a resolution of 5 pc. These data are combined with 12 CO(J = 1 − 0) and 13 CO(J = 1 − 0) results and compared with LVG calculations to derive the density and temperature of clumps. The derived density and temperature are distributed in wide ranges. We have made small mapping observations in the 13 CO(J = 3 − 2) transition toward 9 representative peak positions of clumps to determine the density and temperature of clumps. These physical properties are constrained well and there are differences in density and temperature among clumps. We suggest that these differences of clump properties represent an evolutionary sequence of GMCs in terms of density increase leading to star formation.
Introduction
Giant molecular clouds (GMCs) are important as sites of star and cluster formation. GMCs consist mainly of molecular hydrogen (H 2 ), which does not have a permanent electric dipole moment. This means a lack of appropriate emission lines excited under the typical condition of GMCs. Carbon monoxide, CO, is the second most abundant molecule and has rotational transitions excited under the typical condition in GMCs. These CO transitions are mainly used to trace molecular components in the interstellar medium.
The observations of NANTEN 4-m telescope in 2.6 mm 12 CO(J = 1 − 0) emission reveal the distribution of GMCs in the whole Large Magellanic Cloud (LMC), at 40 pc resolution (e.g., Fukui et al. 2008) . Fukui et al. (2008) identified 272 GMCs. These GMCs are classified into 3 types in terms of massive star formation activity; Type I shows no signs of massive star formation, Type II is associated with H ii regions, and Type III is associated with both H ii regions and young clusters (e.g., Kawamura et al. 2008) .
Observational study of GMCs with ASTE
257 Kawamura et al. (2008) suggest that these GMC types correspond to the evolutionary stages of GMCs.
Observations of higher transitions (J = 2 − 1, J = 3 − 2, J = 4 − 3, J = 7 − 6) of CO spectra of GMCs suggested that there is either warm gas or dense gas, or both in GMCs (e.g., Sorai et al. 2001; Johansson et al. 1998; Heikkilä et al. 1999; Bolatto et al. 2005; Israel et al. 2003; Kim et al. 2004; Kim 2006; Pineda et al. 2008; Minamidani et al. 2008) . We aim to obtain submillimeter molecular data at better signal-to-noise ratios than in previous studies to estimate temperatures and densities of molecular gas in the GMCs. We combine the 12 CO(J = 3 − 2) and 13 CO(J = 3 − 2) data observed with the ASTE telescope, and the 12 CO(J = 1 − 0) and 13 CO(J = 1 − 0) data obtained with SEST and MOPRA telescopes.
Observations and results

Observations of
12 CO(J = 3 − 2) and 13 CO(J = 3 − 2) transitions at 345 GHz and 330 GHz, respectively, were made with the ASTE 10-m telescope at Pampa la Bola in Chile. The details of 12 CO(J = 3 − 2) observations and results are described by Minamidani et al. (2008) .
13 CO(J = 3 − 2) observations were made using the single "cartridge type" SIS receiver (SC345), and the spectrometer was XF-type digital autocorrelator. The halfpower beam width was 23 at 330 GHz, and this corresponds to 5.6 pc at the distance of the LMC, 50 kpc. We have made 3 × 3 points mapping observations with 20 grid toward 9 representative peaks of 12 CO(J = 3 − 2) clumps observed by Minamidani et al. (2008) . 
LVG analysis
To estimate the physical properties of the molecular gas, we have performed the LVG (Large Velocity Gradient) analysis (Goldreich & Kwan 1974) of the CO rotational transitions. The LVG radiative transfer code simulates a spherically symmetric cloud of constant density, temperature, and velocity gradient. It solves the equations of statistical equilibrium for the fractional population of CO rotational levels at given density and temperature. It includes the lowest 40 rotational levels and uses the Einstein's A and collisional coefficients of Schöier et al. (2005) . Calculated ranges are 5-200 K in kinetic temperature and 10-10 6 cm −3 in density of molecular hydrogen. Figure 2 shows the results of LVG analysis for reference. This indicates that 2 intensity ratios, 13 CO(J = 3 − 2) to 13 CO(J = 1 − 0) and 12 CO(J = 3 − 2) to 13 CO(J = 3 − 2), are orthogonal in wide ranges of density and temperature as compared with the ratios of 12 CO(J = 3 − 2) to 12 CO(J = 1 − 0) and 12 CO(J = 1 − 0) to 13 CO(J = 1 − 0) (See Figure 19 of Minamidani et al. 2008 ). The results of LVG analysis for studied clumps are presented in Figure 3 . The physical properties of these clumps are well constrained as compared with previous analysis using the ratios of 12 CO(J = 3−2) to 12 CO(J = 1−0) and 12 CO(J = 1−0) to 13 CO(J = 1−0) (See Figure 21 of Minamidani et al. 2008 ). 
Evolution of GMCs
The results of the LVG analysis indicate that clumps are distributed ∼7 × 10 2 -1.5 × 10 5 cm −3 in density and 15 − 200 K in temperature. These differences of clump density and temperature generally correspond to the types of GMCs; a clump in the Type I GMC is cool and less dense, and clumps in the Type III GMCs are warm and dense. We should note that the properties of clumps are different even in the same GMC. It seems that the properties of clumps depend on the stage of evolution and are affected by the local environments. 
